Isolated radish (Raphanus sativus L., var. Red Prince) cotyledons were incubated in growth medium plus graded concentrations of mannitol (-1 to -16 bars) for 28 hours. At the end of the incubation period, turgor pressures were measured using thermocouple psychrometers. Cell division, as measured by DNA increase, was greatly stimulated by increasing turgor from 5 to 6 bars. Cell enlargement was stimulated as turgor increased above 3 bars. The critical turgor pressure for increased cell division thus appeared significantly greater than that for increased cell enlargement.
-2, -4, -8, and -16 bars. Since the control medium had an osmotic potential of about -4 bars, actual osmotic potentials produced were -5.5, -6.1, -8.3, -12.2, and -20.0 bars. Gardner and Nieman (2) reported that the solutes in the nutrient medium are taken up rapidly by the radish leaf cells and promote the uptake of water by the cells. The cotyledons were incubated for 28 hr at 25 C with a light quanta flux density of 24 nanoeinsteins cm-'sec-'.
After incubation, the cotyledons were blotted and weighed. Two groups from each treatment were analyzed for DNA content, and one group was used to determine water and osmotic potentials using thermocouple psychrometers (4 Leaf development has two distinct phases (1) . In the first, cell number increases logarithmically from the time the leaf is in the bud until it unfolds. Unfolding marks the beginning of the second phase in which increase in cell number with time gradually declines to zero. During the latter part of leaf development, cell expansion predominates.
Water deficits, especially when tissues and organs are in stages of most rapid growth, result in decreased plant growth (6) . Thus turgor pressure may be directly controlling the rate of cell division and cell enlargement. Gardner and Nieman (2) reported that cell division and cell enlargement of expanding radish cotyledons were suppressed by increasing the osmotic pressure of the incubating medium with mannitol. They did not measure the turgor pressure. The following experiment was similar to that of Gardner and Nieman, except turgor pressure was measured to determine its relation to the two processes of growth, cell division and cell expansion. The experimental procedure, in general, was that employed by Gardner and Nieman (2) . Five-day-old excised radish (Raphanus sativus L., var. Red Prince) cotyledons were handled in groups of 20. Six groups were frozen for analysis (5) of initial DNA content. Three groups were incubated at each of six different osmotic potentials. Each group of cotyledons was placed in a 9-cm Petri dish containing a pad of filter paper and cheesecloth saturated with 10 ml of medium. Mannitol was incorporated into the base nutrient medium (control) (2) RESULTS AND DISCUSSION Figure 1 shows the water and osmotic potentials of radish cotyledons incubated in mannitol solutions plotted as a function of the osmotic potential of the medium. Since differences between total and osmotic potentials gave turgor pressure values, turgor pressures of 6.3, 5.0, 4.0, 2.8, 1.6, and 0.1 bars were produced.
MATERIALS AND METHODS
The DNA extracted from the cotyledons gave a measure of cell number (2) . Figure 2 shows cell number, as indicated by DNA, and cell length as functions of turgor pressure. Both cell number and cell length increased with increasing turgor pressure, but in different ways. The large increase in cell division appeared to require higher turgor pressures than were needed for increased cell expansion. Even though there was a significant increase in DNA content between 0 and 5 bars turgor pressure, the greatest increase seemed to occur above a turgor pressure of 5 bars. Increase in cell expansion occurred above a turgor pressure of about 3 bars.
Since the DNA gave a measure of cell number, and the cell length values gave a measure of cell size, the change in product of cell number and cell length gave an indication of the relative amount of growth. Figure 3 shows the relative amount of growth as a function of turgor pressure. Little growth occurred when turgor pressures were less than about 3 bars. Green et al. (3) reported that elongation of Nitella appeared to stop at about 2 atm turgor pressure. A small reduction in turgor (0.7 atm) stopped growth, while a similar increase greatly accelerated it.
The results suggest that increase in cell enlargement occurred at lower turgor pressures than those required for increased cell division. Marked reduction of the rate of increase in DNA content appears to have occurred at slight stress levels (6) . If conditions are not favorable for cell division, a cell will accumulate metabolites and enlarge, but it will not divide. Increased division, with resulting cell expansion and growth, appears to take place only when turgor pressure is high in radish cotyledons.
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